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A GENERATION’S PROGRESS IN THE STUDY 
OF EVOLUTION’ 


By Professor EDWIN G. CONKLIN 
PRINCETON UNIVERSITY 


Tue Penrose Memorial Lecture is not intended to 
be primarily or chiefly a personal memorial of our 
munificent benefactor. Such a memorial address was 
given last year by Professor Waldemar Lindgren, of 
the Massachusetts Institute of Technology, and al- 
though it was my good fortune to have known Dr. 
Penrose for many years and to have been officially 
associated with him both in this society and in the 
Academy of Natural Sciences, I could add little to 
Professor Lindgren’s admirable address. Dr. Penrose 
Was preeminently a gentleman and a scholar. He was 
@ man of dignified modesty, transparent honesty and 
Sincere devotion to genuine science and learning. The 


. Penrose Memorial Lecture, before the American Phi!- 
osophical Society, Philadelphia, April 20, 1934. 


form of memorial which he would have most prized 
was one making for the promotion of science rather 
than for personal praise or vain show. In the lan- 
guage of Professor Lindgren’s address of last year, he 
said in substance in making his bequest: “Here is the 
money, take it and use it wisely and well. There 
are many things I would have liked to do, but could 
not; life was too short. You try to accomplish them! 
Carry on!” 

This the American Philosophical Society is trying 
to do, chiefly through its grants in aid of research, 
its publications, library and meetings. Of the grants 
made during the past year from the income of the 
Penrose Fund six were in fields in which he was 
especially interested, while all of them, we believe, 
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are for projects which he would have approved. “He 
rests from his labors but his works do follow him.” 


I 


If one were searching for the most inclusive subject 
in modern scientific research, what other topic would 
touch so many fields as that of evolution? In the 
non-living world it includes almost everything from 
the evolution of atoms to that of universes; in the 
living world practically everything from amoeba to 
man, from germ eells to developed organisms, from 
reflexes to reason, from savagery to civilization. 
Almost all the work of modern science and learning 
could be classified under some of these fields. The 
small part of this vast theme which I shall touch 
upon in this address concerns merely some of the 
recent work on the methods and causes of organic 
evolution. 

Thirty-eight years ago I, a neweomer to Philadel- 
phia, was introduced to the American Philosophical 
Society as one of the speakers in a symposium on 
“The Factors of Organie Evolution.” I had been 
urged by Professor Cope and by the then presiding 
officer of this society, the late Dr. William Pepper, to 
take part in the symposium, but being paitifully 
aware of my own inexperience and greatly overawed 
by the dignity of the society and the distinction of 
its members I had begged to be excused. Dr. Pepper 
encouraged me then, and his words have heartened me 
many times since, by saying, “You know we can do 


what we have to do.” But when I still plead my- 


inability to take part Dr. Pepper finally said to me, 
“Well, Professor Conklin, we had hoped to get ac- 
quainted with you.” This challenge I could not 
ignore and at once I said, “Very well, I accept.” It 
was the casual recital of this episode that led Presi- 


dent Morris to draft me to speak on this occasion on ~ 


“A Generation’s Progress in the Study of Evolution.” 

The symposium occurred on the evening of May 1, 
1896, the speakers being Professor Edward D. Cope, 
Professor Liberty H. Bailey, of Cornell University, 
and myself, and since our addresses represented fairly 
well the methods and conelusions of students of evo- 
lution a generation ago, I will briefly state a few of 
their principal conclusions. Cope? maintained the 
Lamarckian point of view that variations are the 
materials of evolution and that they are caused (1) 
by the direct action of the environment on developed 
organisms (his Physiogenesis), (2) by the inherited 
effects of use or disuse (his Kinetogenesis), (3) by 
the energy of growth forces (his Bathmogenesis) and 


2E. D. Cope. He declined to furnish manuscript for 
publication, but his views were fully expressed in his book 
‘<The Primary Factors of Organic Evolution,’’ which 
had just been published, Chicago, 1896. 
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(4) by sensations or consciousness (his Archaesthet- 
ism). 

On the other side I championed* the Weismannian 
view that (1) acquired characters are not inherited, 
(2) that inherited characters must be predetermined, 
but not preformed, in the germ cells, and in particular 
in sub-microscopic inheritance units, (3) that all 
hereditary variations are caused by the action of 


extrinsic forces on the germinal protoplasm, produc. 


ing changes in its structure, rather than upon devel- 
oped organisms, and finally (4) that the only way 
of breaking the deadlock between Lamarckians and 
Darwinians was by means of experiment. In the 
light of subsequent events I think I have no reason 
to regret my immature contribution to this sym. 
posium. 

Professor Bailey’s*~ philosophy was neither strictly 
Lamarckian nor Darwinian, although in general it 
leaned to the former; it was rather sué generis and 
might be called Baileyan. He maintained that 
variability is the original law of organisms, that like 
no more produces like than unlike, but that mutabil- 
ity is a fundamental and normal law, while heredity 
or permanency is an acquired character. The organ- 
ism is shaped by its environment, and nature elimi- 
nates the non-variable and favors the survival of the 
unlike. 

This account of a long forgotten program in the 
history of this society is useful merely as indicating 
some of the opinions and speculations regarding the 
causes of evolution a generation ago. In, what fol- 
lows I must beg the indulgence of those who are 
thoroughly familiar with the subject while I recount 
some of the main points in the more recent develop- 
ments in our knowledge of evolution. 


II 


With the beginning of the present century the 
study of evolution entered upon a new era. Up to 
the year 1900 it had been based largely upon obser- 
vations and what were supposed to be logical deduc- 
tions. Really students of evolution were dealing with 
probabilities of a higher or lower order and no ¢ét- 
tainty could be reached on such a basis. What 
seemed highly probable to one person seemed very 
improbable to another. Cope accepted all the 
Lamarckian factors, Romanes rejected use and disuse 
but accepted the others, Weismann rejected all of 
them. The fact of evolution was accepted by prac 
tically all scientists, but the factors of evolution wer? 


8E. G. Conklin, ‘‘The Factors of Organic Evolution 
from the Embryological Standpoint,’’ Proc. Amér 
Philos. Soc., 35: pp. 78-88, 1896. 

4-5 L, H. Bailey, ‘‘The Survival of the Unlike,’’ Pro¢. 


_ Am. Philos. Soc., 35, 1896. 
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largely matters of opinion, and in general persons 
believed what they preferred to believe. Indeed this 
whole subject had become so speculative that it 
seemed to be a field for the exercise of the imagina- 
tion rather than of seientifie research, and one of 


the eminent younger biologists, disgusted with this 


flood of speculation, announced, “I am done with this 
entire phylogeny business.” 

Then in 1900 Mendel’s principles of heredity, which 
had remained unrecognized for thirty-five years, were 
rediscovered and a new science of accurate, experi- 
mental knowledge of heredity was born and was 
christened “Geneties”’ by Bateson. Almost:at once 
many perplexing problems of heredity were solved; 
“prepotency” was found to be Mendelian dominance, 


} “reversions” or “atavism” were the reappearance of 


Mendelian recessives, the results of hybridization were 
no longer unpredictable and the laws of heredity were 
at last in process of being discovered. 

One year later (1901) De Vries*® published his 
great work on the mutations of the evening primrose, 
Oenothera lamarckiana, upon which he had been en- 
gaged for fifteen years and in the course of which he 
observed under rigid experimental conditions among 
the offspring of this one species the appearance of 


} nine constant mutants, three inconstant and one in- 


fertile mutant which differed so much from the parent 


i form and from one another that he called them 


elementary species, and maintained that they fur- 


| nished actual, living evidence of experimental evo- 


lution. Galton? had previously (1892) expressed his 
belief that “sports,” or sudden variations, were the 
real steps in the evolution of species and Bateson 
had published his great work on “Discontinuity in 


» the Origin of Species” in 1894, but long before this, 


Darwin had given it as his opinion that evolution 
had occurred by means of minute variations rather 
than by “sports,” and in this he was followed by 
Cope and practically all other paleontologists. Con- 
sequently it was not until De Vries had actually dem- 
onstrated the sudden appearance of mutations in his 
cultures that this method of evolution was widely 
accepted. Sinee then mutations have been found in 
almost all organisms that have been carefully studied 
through successive generations, and in spite of occa- 
sional objections on the part of paleontologists or 
other naturalists who are unable to carry on breeding 
experiments with their materials, the mutation theory 
of evolution is now well established, although it is 
known that mutations may be small as well as great. 
However, mutations are always inherited, that is, 


they represent changes in the germ plasm, whereas 
ae De Vries, ‘‘Die Mutationstheorie,’’ Leipzig, 1901, 


a Galton, ‘‘Hereditary Genius,’’ 2d ed, London, 
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changes which first occur in developed organisms are 
not inherited and are called fluctuations. This is 


indeed the chief distinction between the old evolution 


of Lamarck and Darwin and the new of Weismann 
and De Vries; in the old, attention was fixed upon 
the developed organism and evolutionary changes 
were supposed to be first made in the adult and then 
by some mysterious process to be transferred to the 
germ cells; in the newer views of evolution changes 
are first wrought in the germ cells and only later 
appear in the developed organism. 

In 1903 Johannsen® found that by continued breed- 
ing and isolation of self-fertilized beans he could 
isolate from a so-called pure garden variety nineteen 
different “pure lines” and that further selection 
within any one of these lines was without effect. 
Other similar results in a large variety of plants and 
animals led to the conclusion that neither artificial 
nor natural selection could have the effect, which 
Darwin had postulated, in building up a species from 
small variations. By some this was hailed as the 
“death of Darwinism,” or natural selection, as a 


factor in evolution, but it was soon seen to apply 


only to fluctuations and not to mutations. It is true 
that selection can not create mutations, but it ean 
act upon mutations that are offered and recent work 
in the field of genetics has shown that it is a potent 
faetor in evolution. 

Almost coincidentally with the rediscovery of Men- 
delism and the establishment of the mutation theory 
eame the discovery of the cellular basis of these 
phenomena in the germ eells. The work of certain 
European biologists had previously furnished evi- 
dence that the inheritance material is located in the 
nuclei of the germ cells and chiefly if not entirely 
in certain threads, called chromosomes, that are found 
in those nuclei. When egg and sperm unite in fer- 
tilization their chromosomes commingle but retain 
their individual identity and in the repeated divisions 
of the fertilized egg, which lead to the developed 
animal or plant, every chromosome in every nucleus 
splits lengthwise and its halves separate, going into 
the two daughter cells; this is repeated at every cell 
division until every cell of the developed organism 
has half of its chromosomes from the egg and half 
from the sperm. Finally when this adult organism 
in turn forms eggs or spermatozoa the number of 
chromosomes in these sex cells is reduced to half 
those present in all other cells. And when the chromo- 
somes of egg and sperm unite in fertilization the full 
number is again restored. Since on the average 
organisms inherit as many traits from one parent as 
from the other and since they receive an equal num- 


8 W. Johannsen, ‘‘Ueber Erblichkeit in Populationen 
und in reinen Linien,’’ Jena, 1903. 
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ber of chromosomes from each parent it seemed 
highly probable that the chromosomes contained the 
inheritance material, but at the beginning of this 
century no one had demonstrated any genetic rela- 
tionship between any particular chromosome in a 
germ cell and any particular developed eharacter. 

Then about the beginning of this century Professor 
MeClung, now at the University of Pennsylvania, 
found that an “odd” or “aecessory” chromosome is 
present in the males of certain grasshoppers, and in 
one of the last cell divisions leading to the formation 
of spermatozoa this chromosome did not divide but 
went into one cell but not into the other and thus two 
kinds of spermatozoa were formed, one containing 
the aecessory chromosome and the other lacking it. 
Since these two kinds were equal in numbers, and 
since on the average males and females are equal in 
numbers, MeClung® in 1902 suggested that this aeces- 
sory chromosome was the determinant of sex. 

In keeping with the predominance of men and of 
male psychology in science it was but natural that 
it should have been assumed that this accessory 
chromosome would not be found in females and that 
its presence in males represented the initial cause 
of male superiority. But alas for this pleasing fic- 
tion! Professor Wilson’® of Columbia University 
and Miss Stevens’? of Bryn Mawr College indepen- 
dently demonstrated in 1905 that there are two such 
chromosomes in the females of certain insects and 
only one, or one and a fragment of another, in males. 
This difference in the chromosomes of males and 
females was later found in many other species, in- 
cluding man. in short, the male generally lacks eer- 
tain hereditary materials which the female possesses 
and instead of woman being the lesser man, as Tenny- 
son expressed it in “Loeksley Hall,” man was found 
to be in this respect the lesser woman. Thus the 
initial cause of sex, which had been a subject of 
speculation for thousands of years, was found in a 
difference in certain chromosomes in the two sexes. 

A study of the method by which the usual number 
of chromosomes is reduced to half in the egg and 
sperm led to the discovery of the causes of Mendelian 
heredity. In 1901 the late Professor T. H. Mont- 
gomery,?? of the University of Pennsylvania, found 
that chromosomes of maternal and paternal origin 
unite in pairs just before the last cell divisions lead- 


*C. E. McClung, ‘‘The Accessory Chromosome-Sex 
Determinant?’’ Biol. Bull., 3: 43-84, 1902. : 

10 E. B. Wilson, ‘‘Studies on Chromosomes. I. The 
Behavior of the Idiochromosomes in Hemiptera,’’ Jour. 
Exp. Zool., 2: 371-405, 1905. 

11N. M. Stevens, ‘‘Studies in Spermatogenesis,’’ Car- 
negie Inst. Wash. Pub., 39: 3-32, 1905. 

12T. H. Montgomery, Jr., ‘‘ A Study of the Chromo- 
somes of the Germ Cells of Metazoa,’’ Trans. Amer. 
Philos. Soc., 20, 1901. 
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ing to the formation of the sex cells, and in 193 
Sutton,’ a student of McClung’s and Wilson’s, dis. 
covered that corresponding chromosomes from 
father and mother come together in pairs, just 4; 
corresponding fingers of the right and left hang 
meet when the hands are pressed together, thumb t, 
thumb, index to index, ete. In the subsequent ¢j 
division the chromosomes of each pair separate » 
that each germ eell thus formed contains only one of 
the chromosomes of each pair, or one half the tota| 
number. Each of the two eells formed by this redyp. 
tion division contains one set of chromosomes, |ik: 
the set of fingers on one hand, but unlike the fingers 
which are permanently attached to the hands, the 
chromosomes are free to change hands so that on 
germ cell may contain a thumb chromosome from the 
father, an index from the mother, ete., while the 
other cell contains corresponding chromosomes fron 
the other parent. This union of parental chromo. 
somes into synaptic pairs and their subsequent sepu. 
ration in the reduction division exactly parallels the 
phenomena of Mendelian segregation of characters, 
and there is no doubt that it is the cause of Me- 
delian inheritance. 

With these discoveries the foundations were |aid 
for the marvelous developments of cytology in rela- 
tion to geneties wl'ch have characterized the las 
thirty years. Thus within the first five years of this 
century were established the Mendelian lav of hered- 
ity, the mutation theor- of evolution, the inability 
of selection to build up species from fluctuations and 
the chromosomal mechanisms of sex determination 
and heredity. 

III 

Upon these foundations the study of evolution has 
advanced with giant strides during the past twenty- 
five years. This is especially true of the correlation 
between mutations, or inherited variations, and the 
constitution. of the germ cells. Indeed this correls- 
tion has given us for the first time an understanding 
of the mechanisms of heredity, mutation and evolt- 
tion. 

Imagine the amazement and ineredulity of the 
naturalists of a former generation, who thought of 
evolution only as the transformations of developed 
organisms under the influence of changing envir0l 
ments, if they could learn that to-day the problem 
of evolution center largely in the struetures and fune- 
tions of germ cells! And yet this is strictly a» 
literally true. The germ cells are the only liv 
bonds not only between generations but also betwee! 
species, and they contain the physical basis not ol! 
of heredity but also of evolution. 


13W. S. Sutton, ‘‘The Chromosomes in Heredity,” 
Biol. Bull., 4: 231-251, 1903. 
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In the mieroseopie chromosomes which are found 
n the nuclei of all cells and in the ultra-microscopic 
nheritance units or genes which lie in those chromo- 
-omes are found the earliest causes of heredity, sex, 
mutation and evolution. In biology, as also in physics 
=. 1d chemistry, the ultimate causes of phenomena are 
ound not in gross bodies but in their minutest con- 
tituents. What moleeules and atoms and electrons 
sre to the physicist and chemist, chromosomes and 
Benes are to the biologist. Present problems of evo- 
ution are not how one fully developed organism is 
Sransmuted into another, for this never happens, but 
Sather how one type of chromosome or gene is trans- 
formed into another—not so much the effect of natu- 
al selection in eliminating certain adult forms and 
preserving others, although this does oceur, as its 
much greater effect in eliminating certain types of 
bmbryos, germ cells and genotypes. 

No longer do biologists diseuss how adult characters 
ran be crowded back into the egg, nor how characters 
acquired by an adult ean be inherited, for they are 
almost unanimously agreed that these things never 
happen, but rather how changes in chromosomes and 
Beenes are produced and how they give rise to changes 
n the developed organism. This revolution in the 
study of evolution had its remote beginnings in the 
nineteenth century, but its most significant results 
ure confined entirely to the present century, most of 
hem to the past twenty years. 

It is impossible in the brief time at my disposal to 
deal with all the significant advances of these recent 
years in the study of evolution, and I must of neces- 
sity select only a few for presentation. Perhaps the 
- most significant of these discoveries relates to the 

auses of mutations. In general it may be said that 
hey are caused (1) by changes in the numbers and 
messociations of whole chromosomes, (2) changes in 

the composition of individual chromosomes, and (3) 

hanges in the genes themselves. De Vries did not 

attempt to trace the mutations of his evening prim- 
roses to the chromosomes, but other younger persons, 
many of them Americans, did this, and they found 
' hat the original form, Oenothera lamarckiana, has 
BA chromosomes, whereas there are 15 chromosomes 
in seven different mutants—among them 0. lata, O. 
ulbida and O. seintillans, while in O. gigas there are 
3 and in OQ. semigigas 21. Since there are typically 

chromosomes in each of the male and female sex 
mclls of O. lamarckiana it seemed probable that these 

Mutants were produced from sex cells some of which 
had more than 7 chromosomes. It sometimes happens 
that 4 synaptic pair of chromosomes fails to separate 
pn the reduction division, in which ease 8 chromosomes 
8° Into one sex ¢ell and 6 into the other. If then a 
cell having 8 chromosomes unites with one having 
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the nermal number 7, a form with 15 chromosomes 
results and if this additional chromosome is from a 
different synaptic pair in different cases it would 
account for the differences in those mutants, each of 
which has 15 chromosomes. Likewise if all the synap- 
tie pairs fail to separate it leads to the production of 
a sex cell having 14 chromosomes and if such a cell 
unites with a normal sex cell with 7 it produces the 
mutant semigigas with 21 chromosomes. If both 
male and female sex cells fail to undergo reduction 
each would contain 14 chromosomes and if two such 
should unite it would produce the mutant gigas with 
28 chromosomes. There are other peculiar modifica- 
tions of the chromosomes of Oenothera that can not 
be dealt with here. 

Many such eases of supernumerary chromosomes 
have now been discovered in various plants. The 
reduced number of chromosomes is known as hap- 
loid (1m), the usual condition resulting from the 
union of two haploid sex cells is known as diploid 
(2n), that in which there is one additional chromo- 
some is 2n +1, ete., that in which a diploid unites with 
a haploid is known as triploid (3n), that in which 
two diploid cells unite is a tetraploid (4n), and cells 
with still larger numbers of chromosomes are called 
in general polyploids. One of the most notable of 
these cases of supernumerary chromosomes has been 
found by Blakeslee™ and his associates in the numer- 
ous mutants of the common jimpson (or Jamestown) 
weed, Datura stramonium. Here the typical diploid 
number is 24, but the addition of one or another 
chromosome (2n+1) has given rise to twelve differ- 
ent mutants, while many other types are produced by 
the further addition or subtraction of chromosomes, 
as well as by the breaking in two of certain chromo- 
somes and their recombinations, a phenomenon known 
as segmental interchange, translocation or “crossing 
over.” 

Haploid, diploid, triploid and tetraploid plants of 
one species often differ markedly in appearance and 
they breed true if the chromosomes from the two 
parents are balanced so that they can unite in syn- 
aptie pairs before the formation of the sex cells. 
Many true Linnaean species are known that have 
their chromosomes in multiples of some basic number 
and they have probably arisen by the multiplication 
of their chromosomes. For example, many species of 
roses, and indeed many genera of the large family 
Rosaceae, have chromosomes in multiples of 7, and in 
those genera where the basal number is 8, as in 
plums and cherries, or 17, as in apples, hawthorns 


14 A, F. Blakeslee and B. T. Avery, Jr., ‘‘ Mutations 
in the Jimpson Weed,’’ Jour. Heredity, 10: 111-120, 
1919; A.- F. Blakeslee, ‘‘Types of Mutations and Their 
Possible Significance in Evolution,’’ Amer. Nat., 55, 254- 
267, 1921. 
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and quinces, Darlington and Moffett have shown that 
this unusual number has arisen from ancestral species 
with 7, through non-disjunction of chremosomes at 
the time of cell division. In wheat, oats and barley 
the basal number of chromosomes is 7, while different 
species have multiples of this number. Different 
species of chrysanthemum have chromosomes in mul- 
tiples of 9; more than forty species of groundsel 
(Senecio) have chromosomes in multiples of 10; 
seven species of docks and sorrels (Rumex) also 
have chromosomes in multiples of 10. Many other 
_ similar cases of wild species with chromosomes in 
multiples of some basic number could be cited. In 
other native species, as in the genera Viola and 
Crepis, chromosomes may be in multiples of some 
basic number, or they may be that basic number plus 
one or two, as in some mutants of Oenothera and 
Datura. 

Nearly a score of new species of plants, having 
all the characteristics of true Linnaean species, have 
been artificially produced by hybridization or opera- 
tions under experimental conditions with consequent 
changes in chromosome numbers and _ associations. 
These new species are fertile inter se, but are some- 
times sterile when crossed with either one or both of 
the parent species, thus fulfilling the strictest defini- 
tion of true species as laid down by many systema- 
tists. Thus Goodspeed and Clausen’ erossed two 
species of tobacco plants, namely Nicotiana glutinosa, 
with 12 haploid chromosomes and N. tabacum with 
24. The first hybrid generation normally had 36 
somatic chromosomes and they were generally sterile, 
but one partially fertile hybrid produced second gen- 
eration plants one of which was remarkably large 
and robust and was found to have 72 somatic chromo- 
somes, that is, it was a tetraploid or gigas form. 
This plant bred true but was sterile when back-crossed 
to one of the parent species (Clausen?®). 

Another case of the production of a true synthetic 
species by hybridization and subsequent doubling of 
the number of chromosomes was described by Newton 
and Pellew;!” two distinct species of primrose, P. 
verticellata and P. floribunda, crossed and produced a 
sterile hybrid; this was propagated vegetatively for 
several years when it suddenly produced a fertile 
shoot by bud transformation which bore normal seeds 
and from these arose a new and fertile species, P. 
kewensis, with a tetraploid number of chromosomes. 


Lindstrom?® cut off the tops of young tomato plants. 


15 R. E. Clausen and T. H. Goodspeed, ‘‘ Interspecific 
Hybridization in Nicotiana, II,’’ Genetics, 10: 278-284, 
1925. 

16 R. E. Clausen, ‘‘ Interspecific Hybridization in Nico- 
tiana, VII.’’ Uni. Calif. Pubs. in Bot., 11: 177-211, 
1928. 

17 W. C. F. Newton and C. Pellew, ‘‘ Primula Kewensis 
and its Derivatives,’’ Jour. Genetics, 20: 405-467, 1929. 
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of the species Lycopersicum pimpinellifolium and jy 
the callus that formed, chromosome doubling took 
place in some of the cells, and from these cells som, 
tetraploid sprouts arose and bore fruit and seed. 
These were highly fertile and have produced plan; 
so different from the original stock that they shoy)j 
be classed as a new species, especially as they ay 
eross-sterile with the parent species. 

Another new species produced by hybridization ;; 
the pink chestnut, Aesculus carnea, from a cross |». 
tween A. hippocastanum and A. pavia, the forme 
with 20 small chromosomes, the latter with 20 larg 
ones, while the new species has 20 large and 29 sma) 
chromosomes, or 40 in all (Hurst 2°). 

Still more remarkable are the results of crossing 
distinet genera of plants such as the common radish, 
Raphanus sativus, and the cabbage, Brassica oleraces, 
each with 9 haploid chromosomes leading to the pr. 
duction of a new tetraploid genus Raphanobrassica 
with 36 chromosomes (Karpechenko”®) ; also the for. 
mation of a new genus Triticale by crossing wheut, 
Triticum vulgare, and rye, Secale cereale (Levitsky 
and Benetzkaia??-2). 

All the preceding cases have to do with the produc. 
tion of new mutants or true species by changes in the 
numbers and associations of whole chromosomes. A 
second class of mutants are caused by changes in the 
composition of individual chromosomes. The men- 


bers of synaptic pairs of chromosomes sometimes 


twist round each other, break and reunite so that 
portions of chromosomes become interchanged; this 
is known as “crossing over”; or portions of a chromo- 
some may become detached and united to another 
chromosome, which is known as “translocation” ; such 
changes in the composition of chromosomes lead 10 
many complicated mutations which can not be de 
scribed here. 

All changes in the numbers or constitution of chr 
mosomes are known as chromosome mutations or bet- 
ter, permutations. Another and perhaps the mos 
important class of mutations are those caused by 
changes in the ultramicroscopie genes which lie 0 
the chromosomes. Such mutations have been foul 


W. Lindstrom, ‘‘A Fertile Tetraploid Tomato, 
Cross-Sterile with Diploid Species,’’ Jour. Heredity, 23: 
115-121, 1932. 

19C, C. Hurst, ‘‘The Mechanism of Creative 
tion.’’ Cambridge Univ. Press, 1932. - 

20 G. D. Karpechenko, ‘‘Konstantwerden von Art: 
Gattungsbastarden durch Verdoppelung der Chromy 
somenkomplexe,’’ Der Zuchter, I; 133, 1929; ‘‘A Contr 
bution to the Synthesis of Constant Hybrids of ing 
Species,’’ Proc. of the All-Russian Cong. Genet., Plas 
and Animal Breeding, 2: 277, 1929. E+ 

21-22G, A. Levitsky and G. K. Benetzkaia, 
logical Investigations of Constant Intermediate ~ 
Wheat Hybrids,’’ Proc. of the All-Russian Cong. Gee! 
Plant and Animal Breeding, 2: 1929. 
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in almost all animals and plants that have been bred 
in large numbers under experimental conditions. The 
most used animal for these experiments is the little 
vinegar fly Drosophila melanogaster. Indeed in the 
field of heredity and evolution this is the most famous 
animal in the world, and the man who has been the 
leader in its study, Professor T. H. Morgan, has 
recently received the Nobel Award in recognition of 
the importance of his work. Scores, if not hundreds, 
of different workers have been engaged in the inten- 


sive study of this little gnat and they are sometimes 


facetiously called Drosophilists or modern worship- 
pers of Beelzebub, the god of flies. The peculiar 
advantages of this animal for the study of heredity 
and mutation are: (1) The ease with which it can be 
kept and bred in great numbers in milk bottles; (2) 
the fact that a new generation can be obtained every 
twelve days; (3) the large number of hereditary char- 
acters that ean be recognized superficially; (4) its 
relatively small number of chromosomes, 4 pairs, that 
can be readily distinguished one from another; (5) 
finally more than 500 mutations have been found in 
som. 25 millions of these animals that have been 
studied during the past 25 years. These mutations 
affect every part of the fly, such as color and form 
of body, wings, eyes, bristles, length of life, viability, 
liability to disease, ete. By several ingenious meth- 
ods, which time does not permit me to describe, it 
has been possible to locate the particular genes that 
have undergone mutation in particular chromosomes 
and even in particular regions of those chromosomes, 
so that chromosome maps have been constructed giv- 
ing the locations of these mutant genes in the dif- 
ferent chromosomes. 

These mutations seem to go in all possible direc- 
tions, but not in all directions. Most of these mutant 
flies are less viable than the wild stock from which 
they came and many are lethal, that is, they kill their 
possessor sooner or later, but a few of them are 
progressive. They may oceur in germ cells or in 
somatie cells. In short, wherever there are genes 
these may. undergo mutation. The fact that most 
of these mutations are degressive rather than pro- 
gressive has led some persons to doubt whether they 
can be the materials for evolution, but it is necessary 
to remember that much evolution has been degressive 
and the small number of progressive mutants as com- 
pared with the multitude of regressive ones teaches 
us at what a price progress has been bought. 


The nature of the changes in genes by which muta- 
tions are caused is unknown, but it seems probable 
that it is some kind of physical or chemical change. 
The fact that it may affect one gene and not another 
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similar one that is not more than one thousandth of 
a millimeter away would seem to indicate that it is 
not some general environmental influence. This con- 
sideration led Muller?* to the conclusion that it might 
be due to some form of radiation similar to those by 
which physicists knock electrons out of atoms. Con- 
sequently he subjected Drosophila to x-rays and 
found that the frequency of mutation was increased 
about 150 times. Some of these mutants were of the 
same type as were previously known, but many were 
new. Most of them were detrimental, and more than 
half of them were lethals, but some of them were 
earried through 50 generations without reverting. In 
addition to gene mutations, x-rays cause breaks and 
translocations in chromosomes, which in turn cause 
marked changes in the developed animals. 

A similar increase in mutation has been caused by 
x-rays in the case of barley, corn, the jimpson weed, 
a wasp, et al. They have also been induced by radium 
and possibly by cosmic rays. But mutations are far 
too common and x-rays and radium far too uncommon 
to warrant the conclusion that mutations are gen- 
erally caused by these means. 

Searching for some more common cause of muta- 
tion Goldschmidt”* found that by heating the eggs 
of Drosophila to such a degree as to kill most of 
them he obtained from the survivors new types, and 
Jollos®® reports that larvae of Drosophila that were 
subjected to a temperature of 36° C. for 15 to 23 
hours produced during eight months more than ‘100 


mutants, while not a single one appeared in his con-. 


trols. Generally these mutations appeared at least 
five generations after the experiments, and most im- 
portant of all some of them were “orthogenetic” or 
progressive in a definite direction. Thus for the first 
time, he announced, a progressive series of mutations 
had been called forth by a common environmental 
factor. Plough and Ives,?® who have just this month 
announced the results of their repetition of the experi- 
ments of Goldschmidt and Jollos, find that six times 
as many mutations occur in the heated lines as in 
the controls, but while ihis proves that increased tem- 
perature is a fruitful source of mutations there is so 
far no confirmation that these mutations are directed. 
Indeed Plough and Ives expressly deny that there is 

23H. J. Muller, ‘‘Artificial Transmutation of the 


Gene,’’ ScrENCE, 66: 84-87, 1927; ‘‘The Method of 
Evolution,’’ Sci. Monthly, 29: 481-505, 1929. 


24 R. Goldschmidt, ‘‘ Experimentelle Mutation und das 


Problem der sogenannaten Parallelinduction Versuche an 
Drosophila,’’ Biol. Zentralblatt, 49: 437-448, 1929. 

25 V. Jollos, ‘‘Studien zum Evolutionsproblem,’’ Biol. 
Zentralblatt, 50: 541-554, 1930; ‘‘Gerichtete Muta- 
tionen und ihre Bedeutung fiir das Evolutionsproblem,’’ 
idem., 51: 137-140, 1931. 

_ 26H. H. Plough and P. T. Ives, ‘‘ Heat-induced Muta- 
tions in Drosophila,’’ Proc. Nat’l. Acad. Sci., 20: 268- 
273, 1934. 
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any indication of orthogenetic mutations in their 
experiments. 

Hitherto the great objection to the mutation theory 
of evolution has been that mutations are so generally 
regressive and that they lead nowhere. The only 
method of meeting this objection has been to rely 
upon natural selection to eliminate vast numbers of 
useless mutations and to preserve the few useful ones 
and thus slowly to build up the marvelous combina- 
tions of useful adaptations that all organisms possess. 
But there are many indications in the living world 
that evolution has proceeded in certain directed lines, 
sometimes even further than was useful, as for ex- 
ample in the enormous size of body and weight of 
armor of certain Dinosaurs and Titanotheres, and 
many zoologists since Eimer have insisted that “ortho- 
genesis” or directed evolution is a necessity. If 
directed mutations can be caused by some common 
environmental factor, as Jollos suggests, it would 
solve one of the major difficulties of the mutation 
theory. Osborn?*-*® in particular has emphasized the 
necessity of definitely directed variations in a series 
of publications during the past forty years, the last 
of which has just been published (1934). He origi- 
nally called this principle “definite variations” and 
later “reectigradations.” More recently he has stressed 


the necessity not only of directed mutations, but, 


much more, of useful and progressive mutations in 
any explanation of evolution. This principle of the 
origin of the fittest, as contrasted with the survival 
of the fittest, he calls “aristogenesis.” 

Goldschmidt {1933) has recently emphasized the 
importance of certain embryological processes in evo- 
lution. He concludes that genes control development 
partly by influencing the velocities of certain reac- 
tions, and he suggests that by changing the differen- 
tial growth rate at an early stage a perfectly new 
evolutionary line could be started. This suggests a 
speculation which I advanced before this society in 
1903, and published in greater detail in 1905, regard- 
ing the origin of major groups, or phyla, of the ani- 
mal kingdom. The older evolutionists, for example, 
undertook to show by what transformations of the 
developed body an annelid or arthropod could be 
eonverted into a vertebrate. It was supposed that 
the invertebrate turned upside down, its mouth closed 
up and a new mouth formed, and many other changes 
oceurred which would be absolutely impossible in any 
developed animal. Similar impossible translocations 
of organs of adults had been proposed to explain the 
origin of inverse asymmetry, as for example in those 
rare cases in man where the heart is found on the 


27-29 H. F. Osborn, ‘‘ Aristogenesis, the Creative Prin- 
ciple in the Origin of Species,’’ Am. Nat., 68: 193-235, 
1932. 


SCIENCE 


Vou. 80, No. 2068 


right side instead of the left and all other asymmety;. 
eal organs are reversed in position. When it was 
discovered that such inversions of all the organs of 
sinistral as compared with dextral snails could jp 
traced back through the embryology to the early egg 
cell, it was evident that this inversion was due { 
relatively slight changes in the locations of substance; 
in a single cell; such changes are now known to hx 
caused, in the last analysis, by genes. Similarly, 
when it was discovered that the location of the prin. 
cipal organs of several different phyla could be traced 
back to the pattern of localization of special sub. 
stances in their eggs, I suggested that relatively slight 
changes in the localization of-these substances would 
bring about the characteristie differences in the loca. 
tion of the organ systems ef vertebrates as compared 
with invertebrates. Thus instead of turning a devdl- 
oped worm or arthropod upside down, and making 
many impossible translocations of its organs it would 
be relatively simple to convert one type into another 
by translocations within a single cell, such changes 
ultimately being caused by gene activity. Unfortv- 
nately this suggestion, like that of Goldschmidt jus: 
mentioned, is at present without experimental proof. 


Adaptations have always been the chief marvel of 
the living world, and their method of origin is still 
the greatest problem of biology. The only natural 
explanation that has as yet been established is Dar- 
win’s principle of the elimination of the unfit and 
the survival of the fit. There is abundant evidence, 
both observational and experimental, that this prin- 
ciple is true, but when we load upon it the obligation 
of explaining all the marvelous adaptations and 
combinations of adaptations that every living thing 
possesses the doubt arises as to whether this principle 
alone can support the enormous burden. I have long 
felt, along with Cope, Osborn and many others, that 
some additional factor is needed to explain such wi- 
versal adaptations. And Darwin himself felt the 
foree of this, for he once said that he never thought 
of attempting to explain the origin of such a con- 
plex and wonderfully coordinated structure as the eye 
without a shudder. He sought refuge, as did Cope 
and many others, in the inherited effects of use and 
disuse as an aid to natural selection, but this refuge 
is now denied us, for the evidences from genetics ar 
conclusive that such effects are not inherited. 

A solution that has found favor with many genet 
cists lies in the vastly greater duration of past tim 
than was formerly allowed for organic evolutio?. 
Darwin estimated that past evolution must have ™ 
quired something like 400 million years. Lord Kel 
vin, speaking for the physicists of his day, would 
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allow him not more than 100 million years. But the 
physicists, astronomers and geologists now say that 
the earth was ready for life at least 1,000 million 
years ago, and geneticists console themselves with 
the thought that given almost infinite time and almost 
an infinitude of mutations almost anything could 
happen. But after all they can not help feeling that 
this is not a satisfactory solution of the vast problem 
of fitness—at present by far the greatest problem 
of biology. 

Another possible solution of this problem was first 
pointed out by Weismann in his doctrine of intraper- 
sonal selection, and I proposed*® the extension of the 
selection prineiple to many reactions of living things. 
We know that all organisms are differentially sensi- 
tive, that is they move or grow toward certain sources 
of stimuli and away from others, and in general they 
respond positively to stimuli which we would call 
pleasant or satisfactory and negatively to those which 
we call unpleasant or unsatisfactory. In short, they 
are generally able to differentiate and select between 
that which is satisfactory and that which is not. No 
one can at present explain this property of life, but 
apparently it is a general characteristic of all living 
things. It characterizes the behavior of germ cells 
and embryos as well as adult organisms. It is the 
basis of that form of behavior known as “trial and 
error’; it is fundamental to all learning and is the 
beginning of intelligence and wisdom in man as well 
as in higher animals. This capacity to differentiate 
end select is not unlike the “archaesthetism” of Cope 
and it is at bottom an extension of the selection prin- 
ciple to the reactions of organisms—but with this 
difference, that whereas in Darwinian selection the 
selector or eliminator was found exclusively in the 
environment, in this eonception the organism itself 
also selects or eliminates. There is no mechanistic 
explanation of this property of life, but the same is 
true of many other properties of living things. Be- 
cause we can not at present explain mechanistically 
the properties of the organization of protoplasm and 
its capacities of assimilation, reproduction and sen- 
sitivity is no ground for denying that these properties 
exist, and the same is true of the property of organic 
adaptation. But.given these properties, science can 
explain in a mechanistic, that is, in a causal manner, 
multitudes of struetures and functions and reactions 
that have arisen in the course of evolution. 

It seems to me that recent theories of evolution have 
too often left out of account these fundamental 
Properties of life. Assigning all evolution to exter- 
nally caused mutations and to environmental selection 
neglects the fact that the organism is itself a living, 


*°E. G. Conklin, ‘‘Problems of Organic Adaptation,’’ 
Rice Inst. Pamphlet, 8: 299-380, 1921. 
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acting and reacting system. Life is not merely 
passive clay in the hands of environment, but is 
active in response to stimuli; it is not merely selected 
by the environment but is also itself ever selecting 
in its restless seeking for satisfaction. Macfarlane** 
has called this property of organisms “proenviron- 
ment” and has assigned to it an important function 
in evolution. Cuenot*? has shown that many animals 
seek and find by a process of trial and error those 
environments for which they are by nature best 
adapted, and he ealls this “preadaptation.” By a 
similar process, namely, the elimination of unsatis- 
factory responses, most of the individually acquired 
adaptations of organisms may be explained. Such 
acquired adaptations as the repair of injuries, the 
regeneration of lost parts, acclimatization to high 
altitudes or temperatures, neutralization of poisons 
and immunity to disease, which were at one time 
hailed as a “death-blow:to Darwinism,” may be ex- 
plained by an extension of the Darwinian principie 
of the elimination of the unfit to the multitudinous 
reactions of organisms. 

From my earliest introduction to the science of 
biology I have been an admirer of August Weis- 
mann. Of late it has become fashionable to decry 
the speculations and theories of Weismann, since they 
were not based on experiment. But no one ean truth- 
fully deny that his logical deductions were a powerful! 
stimulus to research and that many of them have 
been confirmed in a truly remarkable manner by 
recent work. He maintained, long before it was 
demonstrated by genetics and cytology, that the 
hereditary substance consists of discrete particles, his 
determinants, arranged in a linear series in the 
chromosomes. His prediction that one of the matura- 
tion divisions in the formation of the egg and sperm 
must lead to the reduction of the chromosomes in 
those cells to one half the number present in somatic 
cells was almost as brilliant an example of scientific 
prophecy as was the prediction of the existence and 
position of the planet Neptune. And finally his ex- 
planation of the origin of fitness in the living world 
is still, I think, the best scientific conception that has 
ever yet been offered. I can not better express my 
own views on this subject than by closing with these 
words from the preface of his last book :** 


Although I may have erred in many single questions 
which the future will have to determine, in the founda- 
tion of my ideas I have certainly not erred. The selec- 


31 J. M. Maefarlane, ‘‘The Causes and Course of 
Organie Evolution,’’ New York, 1918. 

$2L. C. Cuenot, ‘‘La genése des espéces animales,’’ 
Paris, 1911. 

83 A. Weismann, ‘‘ Vortriige iiber Descendenztheorie,’’ 
Jena, 1902. . 
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tion principle controls in fact all categories of life units. 
It does not create the primary variations but it does 
‘determine the paths of development which these follow 
from beginning to end, and therewith all differentiations, 
-all advances of organization and finally the general course 
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of development of organisms on our earth, for everything 
in the living world rests on adaptations. 


Nore: In general in the preceding footnotes only th, 
earliest in a series of papers, or a later one which pre- 
sents a general summary, has been cited. 


SCIENTIFIC EVENTS 


EXHIBIT AT THE MEETING OF THE BRIT- 
ISH MEDICAL ASSOCIATION 

AccorpInG to the British Medical Journal, the 
Pathological Museum, arranged in connection with 
the annual meeting of the British Medical Associa- 
tion, at Bournemouth, was housed on the lower floor 
of the Municipal College. A rare collection of patho- 
logical specimens were arranged on benches around 
each room, with a large number of microscope prepa- 
rations on tables in the center. The pathological 
specimens were grouped on an anatomical basis, and 
consisted chiefly of unusual lesions and “curiosities,” 
many of which excited considerable interest. The na- 
ture of each specimen and the name of the exhibitor 
were announced in the catalogue. The Museum Com- 
mittee expressed its appreciation in particular to the 
following colleges and hospitals which lent material 
for the museum or were responsible for exhibits: the 
Royal Army Medical Corps, the University of Edin- 
burgh, Bethlem Royal Hospital, St. Mark’s Hospital, 
St. Bartholomew’s Hospital, Westminster Hospital, 
St. George’s Hospital, the South Devon and East 
Cornwall Hospital, and the Cancer Hospital, London. 
The museum included also, according to the Journal, 
a number of special exhibits, some of which were 
intended to illustrate subjects discussed in the scien- 
tifie sections. These comprised a series of specimens 
and photographs arranged by Dr. C. Lovell, of the 
Bethlem Royal Hospital, London, showing progres- 
sive pancreatitis in relation to mental states. Work- 
ers at the Cancer Hospital, London, had on view a 
series of malignant tumors of skin and connective 
tissues of mice and rats produced by methylcholan- 
threne, a transformation product of the deoxycholie 
acid of bile, and a number of specimens demon- 
strating the effects of oestrin in the genito-urinary 
system of mice. Dr. Haddow, of Edinburgh Univer- 
sity, arranged a series of sections showing cellular 
transplantations of fowl sarcoma. Amongst items of 
more general interest may be mentioned a series of 
ophthalmological color, drawings, instruments and 
books exhibited by Mr. Arnold Sorsby; the clinical 
picture gallery arranged by Dr. S. Watson Smith; 
the pedigree charts of families affected by polyposis 
intestini, shown by Dr. Cuthbert Dukes, and a series 
of pulmonary specimens of surgical interest lent by 
George Mason, of Newcastle-upon-Tyne. 


MEMORIALS TO PATRICK MANSON ANp 
RONALD ROSS 


THE Ear or ATHLONE, chancellor of the University 
of London, on the evening of June 28 unveiled in the 
library at the London School of Hygiene and Tropical 
Medicine a memorial tablet to-Sir Patrick Manson and 
a bust of Sir Ronald Ross at a reception to mark the 
incorporation of the Ross Institute in the school. The 
tablet was the gift of Lady Manson and family, and 


the Ross bust was presented by the sculptor, Lady 


Welby. 

The Earl of Athlone, as reported in the London 
Times, said that the oceasion was one for the honoring 
of the memory of Manson and Ross. Manson, after 
his labors overseas, alone and ill-equipped, had the 
vision and courage to inspire and mold teaching and 
research in tropical medicine, and to lay the founda- 
tions of a nobly conceived center of education. Ross, 
inspired in turn by the father of tropical medicine, 
brought to the teeming millions of the Tropics a won- 
derful discovery. Manson was a pioneer in the un- 
trodden paths of medicine. After leaving Scotland at 
the age of twenty-one, he went to Formosa and worked 
there and in China for nearly a quarter of a century 
in isolation. He discovered by laborious experiment 
that the intermediation of the mosquito acted as a 
nurse in propagating the disease of man—the filaria 
worm. He made great discoveries and described sev- 
eral new parasites of man and several new diseases. 
In 1897 Manson set himself to found the London 


School of Tropical Medicine, and laid his scheme§ 


before Mr. Joseph Chamberlain, who appreciated its 
significance, and in two years’ time the original school 
was built and organized under the aegis of the Sea- 
men’s Hospital Society in the Albert Docks. 

It was Manson who inspired Ronald Ross and 
pointed the road along which Ross traveled towards 
his conquest of malaria, which they recalled now up0! 
the incorporation of the institute which bore his name. 
When Ross turned to the serious study of disease he 
concentrated on its prevention, and after his entry 
into the Indian Medical Service his reaction to the 
misery of life in India became intensified. He sav 


that many of the diseases of India were preventible 


and that malaria was in many tracts a greater scourgt 
than either plague or cholera. He worked out a tech- 


nique for examining the mosquito and for how malaria 
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spread, and this led to the investigation of insects as 
jisease carriers and the discovery that the germs of 
yellow fever, relapsing fever, plague, typhus fever 
and sleeping sickness all had insect hosts. Ross’s tri- 
umph marked the entry iato far more difficult terri- 
tory that had to be conquered. 

The memorials were accepted for the school by Sir 
Charles McLeod. 


D THE NINTH INTERNATIONAL CONGRESS 
OF SCIENTIFIC AND APPLIED 
sity PHOTOGRAPHY 
| the Tue first International Congress of Photography 
ical Mwas held in Paris in 1889. Since that time meetings 
and have been held at intervals of three to five years, ex- 
‘the [cluding the four-year war period, in Liége, Brussels, 
The #BLondon and Dresden, in addition to Paris. 
and The next congress, the ninth, will be held again in 
vady [§Paris next year, 1935, from Sunday, July 7, to Satur- 
day, July 13. The meetings will be held in the rooms 
1don the Société Francaise de Photographie et de Ciné- 
ring -—Mmatographie, 51 rue de Clichy, Paris (IX°*). 
ifter # The congress will be organized on lines similar to 
the Hithose of previous congresses. The active organiza- 
and [tion will be in the hands of a French committee con- 
nda- Msisting of representatives of many of the scientific, 
toss, [photographic and allied societies of France, and 
eine, [headed by the French Photographie Society. The 
won- (arrangements in other countries are made by the local 
Mnational committees. These committees have been 
id at Mestablished in many countries to deal with the pro- 
rked Mposals and recommendations of the congresses, to 
‘tury Mpresent material to the congresses for international 
ment @consideration, to arrange for a series of first-class 
as 4 Mpapers on appropriate photographic subjects to be 
laria Msubmitted to the congresses. 
sev- @ The secretary of the American committee is Dr. 
ases. HA Walter Clark, Research Laboratories, Eastman Kodak 
ndon HCo., Rochester, N. Y. There are two subcommittees 
heme Hin this country, dealing respectively with sensitometric 
d its HMstandardization and motion picture standards. 
chool HI Sections: The congress will be divided into several 
Sea- vctions, concerned with: 


and@™ J. (a) Latent image; (b) Sensitive materials and 
ards manipulation; Sensitometry and photographic 
photometry, 


a 2, Cinematography; general considerations, sound on 
se he film, standardization. 
°. Scientific and technical applications of photography 
entry and cinematography. 
> the 4, History of photography, documentation and bibliog- 
"phy; photographie instruction; pictorial photography. 
e, 


urge Among the subjects to be discussed are the stand- 
tech-@M "lization of methods for the determination of speeds 
Jariafi"l negative materials, and the standardization of the 
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dimensions of sub-standard motion picture film for 
sound-on-film purposes. 

The congress will include the following classes of 
members: founder members (minimum subscription 
1,000 franes); subscribing members (minimum 300 
franes) ; active members (125 frances) ; associate mem- 
bers (25 frances). With the exception of the asso- 
ciate members, all members attending the congress will 
receive the texts of ali communications and will even- 
tually receive the volume of proceedings. 

Papers and résumés should be sent in duplicate to 
the secretary of the American National Committee by 
February 1, 1935. Copies can only be given to mem- 
bers attending the congress if their subscriptions have 
reached the Société Francaise de Photographie et de 
Cinématographie by June 1, 1935. Discussions will 
be held in English, French and German. Entertain- 
ments, visits to factories, scientific institutions, excur- 
sions and a banquet will be organized, for members of 
the congress. 

For further information, application should be 
made to the secretary of the American National Com- 
mittee, Dr. Walter Clark, Research Laboratory, East- 
man Kodak Company, Rochester, New York. 


THE PROPAGATION OF SALMON IN THE 
COLUMBIA RIVER DISTRICT 


THe Emergency Appropriation Act for 1935 in- 
cluded provision for further work by ihe U. S. Bu- 


reau of Fisheries on the propagation of salmon in: 


the Columbia River district. According to the Fish- 
eries Service Bulletin, the actual appropriation was 
$33,790, $24,140 of which was apportioned for the 
conduct of practical and scientific investigations and 
experiments relative to the salmon fisheries and $9,- 
650 for repairs and alterations of the bureau’s present 
salmon hatcheries in that district. The work contem- 
plated during the fiscal year 1935 will include three 
major research projects in addition to the program 
of fish hatchery development. These are as follows: 


1. A statistical study of the Columbia River fishery to 
determine whether the fish populations are decreasing in 
abundance at such a rate that additional protective mea- 
sures are needed and an analysis of the component parts 
of the salmon runs. All the evidence thus far indicates 
that the runs of Chinook salmon and red salmon into the 
Columbia River are composed of several self-perpetuating 
populations or races, each spawning in a different tribu- 
tary of the river system, and each appearing in the com- 
mercial fishery at different times during the year. There- 
fore, it is necessary to protect equally each of these races 
in order to avoid depleting some of them while others are 
not used to full advantage. 

2. A study of protection of migratory fish at power 
dams and irrigation canals in the Columbia River system 
to determine the success of the various devices employed 
for passing the migratory species over these obstructions. 
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Any devices for protection that are installed will doubt- 
less require continual changes to perfect their operation. 
The number of migratory fish that pass over the dams 
will vary from year to year, and unless it can be defi- 
nitely shown that these fluctuations are not due to changes 
in the intensity of the commercial fishery the success of 
the fish-protective work at the dams ean not be deter- 
mined. For this reason a study of the influence of power 
dams on the runs of migratory fish in the river must of 
necessity involve a statistical analysis of the commercial 
fishery and require the annual and daily counts of fish 
passing the obstructions at various points on the river to 
be correlated with the escapements of fish in the various 
tributaries, both above and below the dams. Since some 
of these dams are impassable, practical and scientific ex- 
periments will be required to perfect means of propagat- 
ing by artificial methods the runs so permanently ob- 
structed. . 

3. A biological study of the Columbia River fishery will 
be required. This will include a biological survey of all 
tributaries of the Columbia River, which form the present 
and past spawring grounds for migratory species of fish, 
to determine the total spawning areas in each tributary, 
the extent to which these spawning areas are utilized, the 
extent to which unavailable spawning areas can be re- 
covered and the effect of pollution and other unfavorable 
factors reducing the success of natural propagation. The 
biological study will include observations on the life his- 
tories of the various species. It will also include studies 
of methods of artificial propagation and transplantation 
of migratory species of fish to determine the possibility 
of restoring depleted runs, of restocking tributaries that 
are now unproductive and of improving the quality and 
character of the various runs of fish, thus increasing their 
total economic value. 


REPORT ON AGRICULTURAL EXPERIMENT 
STATIONS FOR 1933 

Dr. J. T. JARDINE, director of the U. 8. Agricultural 
Experiment Stations, and Dr. W. H. Beal, assistant 
director, have issued their annual report. 

According to the introduction, the purpose of this 
report is to show the use made of the federal funds, 
amounting to $4,462,560, appropriated in the Hatch, 
Adams, Purnell, and supplementary and special acts 
for the support of state agricultural experimental 
stations and those under the supervision of the De- 
partment of Agriculture in Alaska, Hawaii and Puerto 
Rico, as well as of $11,114,000 of state and other 
funds provided for the same purpose during the year 
ended June 30, 1933; to indicate the contributions of 
the stations to the solution of some of the major prob- 
lems of rural life and well-being; and to review the 
progress made in coordinating the work of the sta- 
tions with that of the department and other agencies 
for more economical and efficient use of funds in agri- 


‘eultural research. The report also diseusses briefly 


persennel, additions to permanent equipment, research 
programs and projects and their coordination and ad- 
justment to meet more fully present conditions and 
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needs, trends in station research, and various matiex 
relating to organization, administration and functioy, 
ing of the stations as research and service agencies, 

For the year ended June 30, 1933, the experimey 
stations reported a total financial support of $15,574. 
632.98, which, compared with $17,245,163.83 receive, 
the preceding year, represented a reduction of $1,668. 
530.85, or 9.6 per cent. Of the total support, $4,359. 
000 was derived from appropriations under {hy 
Hatch, Adams and Purnell Acts and $103,560 fro, 
appropriations to the Department of Agriculture fo 
the maintenance of the experiment stations in Hayaj 
and Puerto Rico. 

The income of the experiment stations from oth 
than federal sources, $11,114,072.98, was 714 pe 
cent. of the total. It was $1,544,060.85, or 12.2 pe 
cent. less than for the preceding year, due mainly ty 
a decrease in state appropriations and allotments fron 
$9,501,097.10 to $7,740,247.56, or 18.5 per cent. The 
income from fees was 4.6 per cent., from sales 12) 
per cent. and from miscellaneous sources 13.6 per 
cent. less than in the previous year. This was offs 
to some extent by an increase of over 50 per cent. in 
balances carried over from the preceding year. 

The decline in state support from the all-time high 
of 1931, which began in 1932, was still further x. 
centuated in 1933. Only eight stations, namely, Al § 
bama, Connecticut (State), Georgia, Maine, Mary. 
land, Mississippi, New York (Cornell) and Rhode 
Island, reported increases from state sources during 
the year. The other stations experienced reductions 
in income of from 1.5 to 43.9 per cent. In the aggr- 
gate the Federal Government contributed about $1 to 
every $2.50 from other sources for the support of the 
stations during the year. 


RECENT DEATHS 
Dr. JouN Berton Carnert, chief surgeon of the 
Graduate Hospital and professor of surgery at the 
University of Pennsylvania Graduate School of Medi- 
cine, died on July 29, in his fifty-eighth year. 
Dr. Mary Viouerre Dover, associate professor of 


chemistry at the University of Missouri, known for 
her work on petroleum, died on August 8. 


Dr. Marion Newsiern, editor of the Scottish Geo- 
graphical Magazine, died on July 20. 

Dr. Marcus Seymour Pemprey, late professor 0! 
physiology in the University of London, died sud- 
denly on July 23, at the age of sixty-eight years. 

M. Bensamin Bamaup, honorary director of the 
Paris Observatory, died on July 8, aged eighty 
years. 7 

THe death is announced of Dr. Jean Cantacuzin0, 
professor of bacteriology at the University of Buch®- 
rest. 
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SCIENTIFIC NOTES AND NEWS 


Ar the graduation ceremonies at the University of 
Edinburgh the Cameron Prize in practical therapeu- 
ties was presented to Sir Edward Sharpey-Schafer, 
emeritus professor of physiology, “in recognition of 
the advances in therapeutics arising out of his discov- 
eries in endocrinology.” 


Tue Lord Melchett Medal of the Fuel Institute, 
London, has been awarded to Dr. Friedrich Bergius, 
of the Badisehe Anilin- und Sodafabrik Ludswig- 
hafen. 

Tze Kaiser Wilhelm Society for the Advancement 
of Science has awarded the Adolf-Harnack Medal to 
Dr. Carl Ludwig Duisberg, the German industrial 
chemist. 


Art the recent meeting of the American Society for 
Testing Materials the Charles B. Dudley Medal for 
1934 was awarded to Kh. L. Templin, chief engineer 
of tests of the Aluminum Company of America. 
This medal is awarded annually by the society to the 
author of the paper presented at the preceding annual 
meeting and judged to be of outstanding merit. Mr. 
Templin’s paper, presented in 1933, was on “The 
Fatigue Properties of Light Metals and Alloys.” 


THE Lamme Medal, given each year to a teacher of 
engineering who is judged to have done outstanding 
pioneer work, was awarded at the Ithaca meeting to 
Edward Rose Maurer, professor of mechanics at the 
University of Wisconsin. Last year the medal was 
awarded to Professor Dexter S. Kimball, dean of the 
college of engineering of Cornell University. 


Dr. Atice C. Evans, of the U. 8. Publie Health 
Service, has received the honorary degree in medicine 
from the Woman’s Medical College of Pennsylvania, 
Philadelphia. 


Tue honorary degree of doctor of science has been 
conferred by Buekne!l University on Dr. Heber W. 
Youngken, professor of maieria medica at the Massa- 
chusetts College of Pharmacy, Boston. 


Dr. FRIEDRICH VON MULLER, professor of internal 
medicine at Munich, has been nominated doctor 
honoris causa of the faculty of medicine of the Uni- 
versity of Geneva. 


Tue following appointments for 1935 have been 
announced by the Royal College of Physicians: Sir 
Henry Hallett Dale, Harveian orator (the forthcom- 
ing Harveian Oration in’ October next will be de- 
livered by Dr. James Collier); Dr. Daniel Thomas 
Davies, Bradshaw leeturer; Dr. J. S. Bolton, Lum- 
leian lecturer; Dr. A. A. Moncrieff, Goulstonian lec- 
turer; Dr. J. D. Rolleston, FitzPatrick lecturer; Dr. 


C. R. Harington, Oliver-Sharpey lecturer, and Dr. 


C. G. Seligman, Lloyd Roberts lecturer. Sir Bernard 
Spilsbury has been elected Croonian lecturer for 1936. 


Nature reports that at a meeting of the Indian 
Association for the Cultivation of Science held in 
Caleutta on June 19, Sir Niltratan Sirear, consulting 
physician, and formerly vice-chancellor of the Uni- 
versity of Caleutta, was elected president in place of 
Sir C. V. Raman. At the same meeting, J. N. Basu, 
Dr. Birbal Sahani, Dr. Ganesh Prashad, Dr. Bimala 
C. Law and Dr. J. N. Mukerji were elected vice-presi- 
dents, and Dr. S. K. Mitra was appointed secretary 
in place of Dr. K. S. Krishnan. 


Masor Epwin Howarp ArmstronG, known for his 
work in radio communication, has been appointed pro- 
fessor of electrical engineering at Columbia Univer- 
sity, to succeed the late John H. Morecroft. 


Dr. JosepH M. Murray, a research associate of the 
Roseoe B. Jackson Memorial Laboratory, has recently 
been elected head of the department of zoology at the 
University of Maine. Dr. Murray will retain his 
position as a member of the laboratory staff and will 
take up his work at Orono in September of this year. 


Dr. ALBERT EUGENE CASEY, associate in pathology 
at the Rockefeller Institute for Medical Research, has 
been appointed associate professor of pathology at 
the University of Virginia. 


Roy F. Tompson, of New Haven, Conn., has been 
appointed associate professor of forestry at Iowa 
State College to sueceed Professor D. B. Demeritt, 
who resigned recently to become head of the depart- 
ment of forestry at the University of Maine. Since 
1913 Mr. Thompson has served as assistant forest 
economist for the forest taxation inquiry of the U. S. 
Forest Service. 


Promotions to associate professorships in the 
School of Medicine of Western Reserve University in- 
clude: Dr. O. W. Barlow, pharmacology; Dr. Samuel 
W. Chase, histology and embryology; Dr. Emerson 
Megrail, hygiene and bacteriology, and Dr. Norman 
C. Wetzel, pediatries. Dr. Franklin C. Bing, biochem- 
istry; Dr. Donald E. Gregg, physiology; Dr. Ramon 
F. Hanzal, pathological chemistry, and Dr. Herbert 
S. Reichle, pathology, have been promoted to assistant 
professorships. 


Dr. E. W. Skryner, recently associate professor of 
basie dental technology at the School of Dentistry of 
Western Reserve University, has been appointed to an 
associate professorship in metallurgy and physies at 
the Dental School of Northwestern University. 
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Dr. Frank L. ELsE, instructor in the department of 
biology at Temple University, has been appointed as- 
sociate professor in histology and embryology in the 
School of Dentistry. 

AT the University of London, Professor J. H. Gad- 


dum has been appointed to the university chair of 


pharmacology at University College from July 1, 
1935, and Dr. J. R. Marrack to the university chair of 
chemical pathology, London Hospital Medical College, 
from October 1 next. 

W. J. Duncan has been appointed Wakefield lec- 
turer and head of the newly established department of 
aeronautics at Hull, England. Courses in prepara- 
tion for the diploma in aeronautics will begin with 
the new session in October. This has been made pos- 
sible by the gift of £1,500 for the purpose from Lord 
Wakefield. 

Dr. L. director of the Connecticut 
Agricultural Experiment Station at Storrs, has been 
appointed to the chairmanship of the State Planning 
Commission. 

AcoorDING to The Experiment Station Record, Dr. 
Austin L. Patrick, professor of soil technology and 
soil technologist of the Pennsylvania State College 
and Experiment Station, has been appointed regional 
director of soil erosion prevention in Pennsylvania. 
This work is to be organized as a cooperative project 
of the college and the Soil Erosion Service of the 
U. S. Department of the Interior. 


Dr. Marvin A. Brooker, associate economist at 
the Florida Experiment Station, has been appointed 
chief statistician of the U. S. Farm Credit Adminis- 
tration, with headquarters at Columbia, S. C. 


Dr. Atpert W. C. T. Herre, curator of the mu- 
seum of zoology at Stanford University, has returned 
from an eleven months’ collecting trip. Large collec- 
tions of fishes were made in the Pelew Islands, the 
Philippines, Hong Kong, Canton, and Wu Chow, 
China; Singapore and the Malay Peninsula, Ceylon, 
Durban and Buenos Aires. 

L, A. Maynarp, of the Animal Nutrition Labora- 
tory at Cornell University, is returning from China, 
after completing there a six months’ study of human 
and animal nutrition problems. 


THE ninety-third Congress of German Men of Sei- 
ence and Physicians will be held at Hanover from 


September 16 to 20. 

THe ninth Italian Congress of Hygiene will be held 
at Bari from September 30 to October 4, under the 
presidency of Dr. Alberto Botti. 


THE eleventh annual conference of the Association 
of Special Libraries and Information Bureaux will be 
held at Somerville College, Oxford, from September 
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21 to 24. On the first evening, with Sir Charles Shey. 
rington in the chair, Sir Richard Gregory, president. 
designate, will give an address on “Science in the Pyb. 
lie Press.” The main discussion will be on “Book 
Selection for Special and General Libraries.” 

Tue Rockefeller Foundation has appropriated $1, 
000,000 to McGill University as an endowment for the 
department of neurology. The foundation has pre. 
viously contributed $232,000 toward the erection anj 
equipment of the neurological building. The $1,000, 
000 takes the place of the $50,000 a year contributed 
annually to carry on work in neurology under the 
direction of Professor Wilder G. Penfield. 


Aw Associated Press dispatch from Sydney, Aus. 
tralia, states that Sir Hubert Wilkins, the British ex. 
plorer, has asked the Australian Scientific Research 
Council for a grant of $125,000, one tenth of the esti. 
mated cost of establishing a ring of twelve meteoro- 
logical stations around Antarctic territory. A ten- 
year program, involving international cooperation, is 
proposed. It is planned to establish five stations on 
the Antarctic mainland and seven on sub-Antarctic 
islands. 


Nature reports that the Rogers Field Gold Medal 
of the Royal Sanitary Institute has been awarded to 
Imperial Chemical Industries, Ltd., for an exhibit of 


' Chloros at the recent Bristol congress of the insti- 


tute. The medal is given for “an exhibit of out- 
standing merit from the point of view of hygiene.” 


- The special features of the Chloros exhibit at Bristol 


were its uses in connection with the sterilization of 
rural water supplies and swimming pools. 


THE Journai of the American Medical Association 
states that with the withdrawal of the Johns Hopkins 
School of Hygiene and Public Health and the Rocke- 
feller Foundation from participation in the model 
health department in Anne Arundel County on the 
expiration of their agreement, July 31, the unit was 
abandoned. Established in 1931, the department was 
cooperatively maintained by the foundation, the school 
and the county and state health departments, to work 
out programs of preventive medicine with particular 
emphasis on sanitation problems. Anne Arundel 
County was selected because of its large population, 
its proximity to Baltimore, and the complicated health 
problems created by its many rivers and shore lines. 
Activities of the unit will be absorbed ‘:y the public 
health district instituted in 1932 in accordance with 


a recommendation of Dr. Joseph Mountin in his 


public health survey of Baltimore. This district 1"- 
eludes the sixth and seventh wards and was created 
to make the residents the subject of medical expe! 
mentation in the public health field. A grant of about 
$25,000 for two or more years by the Rockefeller 
Foundation, through the school of hygiene and public 
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ealth, provides for the training of public health 


ent- Lyorkers. ‘These institutions, it was stated, saw no 
yeason for continuing their partial support of the 
00 


Anne Arundel unit when the city health center can 
Bcorve their purposes more conveniently and without 


$1,- duplication of expenditures. The county’s activities 
the will be taken over by the state and county health 
pre- authorities. 

* TurouGH the contribr:tion of labor by the Tempo- 


lary Emergency Relief, it has been possible for the 
re New York State College of Forestry to move its tim- 
her-treating laboratory into new quarters and make 
improvements in the plant. The laboratory is now 
- ‘housed in the building formerly used as the heating 


& plant which gives more room for the assembly and 
reh © cficient handling of apparatus. The equipment and 
ti- layout compare favorably with the best experimental 


- plants of this type. The plant is in charge of J. O. 
ss Blew, of the Department of Forest Utilization. The 
8 BR equipment in the new laboratory has been designed 
ag and assembled to make possible the application of any 
tie of the pressure processes for impregnating timbers 
with preservatives. Two complete pressure cylinders 
lal each equipped with working tanks, heating coils, pres- 
to fe sure, vacuum and steaming facilities offer wide op- 
of portunities for class instruction and research. The 
ti- cylinder for treating is nine feet in length so that tim- 
t- bers such as cross ties and fence posts may be accom- 
2 modated. This cylinder is equipped with indicating 
ol and recording pressure vacuum and temperature in- 
of struments and has a maximum pressure capacity of 
three hundred pounds per square inch. A small four- 
| foot eylinder is mounted on seales making possible the 
accurate weighing of its contents at any time during 
the timber treating process. The smaller cylinder due 
J to its low capacity mekes possible the use of a wider 
variety of treating solutions or preservatives than 
could be used economically in the larger equipment. . 


Accorpine to Nature, the inaugural meeting of the 
| newly formed Royal Society of New Zealand (hitherto 


’ NUCLEAR-PHYSICS SYMPOSIUM 
A CORRECTION 


It is already clear that numerous interested readers 
of Sctence construe the report of the secretaries of 
Section B for the recent Berkeley meeting’ to mean 
that we have quietly (and hence improperly) with- 
drawn our previously announced conclusions.? After 
‘tating correetly that our investigations “had differed 
in the results yielded from the investigations carried 


Scencr, July 20, 1934, p. 49. 
‘ Washington meeting, American Physical Society, 
Pril, 1934—-see Physical Review, May 1, 1934. 
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called the New Zealand Institute) was recently held 
at Wellington, when the presidential address was 
delivered by Dr. R. Speight, professor of geology 
at Canterbury College, Christchurch, New Zealand. 
Lord Bledisloe, the Governor-General of New Zez- 
land, in a written address to the society, intimated 
the King’s approval of the new designation of the 
Dominion’s chief organization for the promotion of 
science. The New Zealand Institute was founded in 
1867 and the fellowship of the new society is held 
by forty-eight men of science. In his address, Lord 
Bledisloe emphasized the importance of science in 
solving the world’s economic and sociai problems. 
Only by the further application of science in all its 
ramifications and a more enlightened recognition of 
its beneficent potentialities by the world’s rulers will 
effective remedies for current human disorders be 
found. The New Zealand Institute has achieved a 
high prestige in a land of immeasurable opportunities 
for industrial and cultural expansion. It is therefore 
to be hoped that under its new appellation it will 
enjoy to an ever-increasing extent the confidence and 
respect of the community at large. 


The Christian Science Monitor reports that follow- 
ing the recent decision to terminate the work of the 
Empire Marketing Board, the Australian Federal 
Government has decided to contribute £5,800 to the 
maintenance of certain institutions in England en- 
gaged in research of particular significance to Aus- 
tralia. The British Government has undertaken to 
maintain several of the research stations involved, but 
it invited the Dominions to assist in supporting others. 
Australia will contribute £800 a year toward the 
“Parasite Zoo” at Farnham Royal, the center from 
which research in Europe for beneficial parasites was 
directed. More important to Australia is the low 
temperature research station at Cambridge, where 
the fundamental work is the preservation and trans- 
port of meat, fruit and other foods exported by 
Australia. 


DISCUSSION 


on at the California Institute and at the University 
of California,” the secretaries’ report makes no men- 
tion whatever of contamination-effects, discussion of 
which oceupied a considerable portion of my Berke- 
ley talk, and states that “Dr. Tuve was able to show 
that the previous outstanding discrepancies in the 
findings were almost entirely to be ascribed to the 
difference in energies of the incident particles utilized 
in the respective laboratories, together with the mea- 
suring techniques used in the identification of the dis- 
integration-products.” This statement is erroneous 
and misleading. Our work at the Department of 
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Terrestrial Magnetism, Carnegie Institution of Wash- 
ington, part of which was published more than a 
year ago, has demonstrated the overwhelming impor- 
tance of various contaminations in experiments of 
this kind. ‘This work still stands, and the importance 
of contaminations is not superseded by any diseussion 
of energies of particles or of measuring technique. 
Resolution of the outstanding discrepancies between 
our findings and those of the Berkeley investigators 
came about through their abandonment several months 
ago of a striking hypothesis with quantitative conse- 
quences that they had claimed were demonstrated by 
their observations, but which they were notified could 
not be substantiated in Pasadena, in Cambridge nor 
here in our laboratory, and by their admission at that 
time and recently in a paper on another subject that 
spurious effects have been present in their observa- 
tions, due to various contaminations. Their published 
reports of sharp voltage-thresholds, which have been 
sought for but not verified, automatically invalidated 
any work earried out at voltages below their an- 
nounced values, and delayed somewhat the examina- 
tion of these questions. These facts were matters of 
record in the Physical Review, and at Berkeley I 
avoided this type of emphasis. 

At the time of the Berkeley meeting, one of the 
few remaining respects in which a comparison of our 
results was possible concerned the identity of the 
contamination affecting certain of their observations. 
This is a question of quantitative absolute yields, and, 
although our experiments have shown that heavy 
hydrogen (present in these experiments) is a very 
prolific source of spurious disintegration-effects of 
this type, the Berkeley investigators believe that 
carbon was the contamination affecting their results, 
on the basis of certain findings of the Cambridge in- 
vestigators. Our yield for carbon (ascribed by us 
to H* contamination) was 25 times greater than the 
only comparable result (for a “brass-wax” target) 
published by the workers in Berkeley as taken at the 
same voltage, and this in turn is greater by a factor 
of roughly 1,000 than the value for carbon published 
from Cambridge (which was taken at a different 
voltage with no existing data which would give a 
reliable correction for the change in voltage—absolute 
yields are expressly disclaimed in their paper). I 
therefore restricted my remarks to carbon, and for 
these and other quantitative reasons readily agreed 
that the reality of a small proton-emission from 


carbon was not disproved by our gas-phase experi- | 


ments, leaving the question an open one. The latter 
experiments only set an upper limit to the effect at 
a given voltage and indicated the necessity for prov- 
ing that heavy hydrogen was not responsible. This 
type of proof that a contamination is not responsible 
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for the effect is essential in every case where a Posi. 
tive result is claimed in disintegration-experiments 
since contaminations were theoretically predicted 1, 
be of enormous importance, and beginning vith 
March, 1933, have been proved responsible for many 
of the strikingly unexpected results so far reported 

The question of the induced radioactivity of carbo, 
under proton-bombardment, in which our findings 
differed from those of the investigators at the (aj. 
fornia Institute, is a matter of apparently real differ. 
ences in our experimental results, with contradictory 
indications, as well as of voltages and of technique, 
all of which I remarked in my talk. Strenuous efforts 
are being made in both laboratories to resolve this 
difficulty. 

The conclusion expressed in the above-mentioned 
secretaries’ report, apparently as a consequence of 
my paper, that all results to date ean be fitted to. 
gether to make a “consistent picture,” that they ar 
“not contradictory in the least, but rather supple 
mentary,” is an optimistic one for which I am no 
responsible, and to which I do not subseribe. The 
whole point of my paper, devoted to illustrating some 
of the difficulties encountered in this type of work, 
was that because of these quantitative and qualitative 
differences in results, and the different conditions 
under which they have been obtained, very few con- 
clusions can yet be accepted with confidence in this 
new field. 

M. A. Tove 


DEPARTMENT OF TERRESTRIAL MAGNETISM, 
CARNEGIE INSTITUTION OF WASHINGTON, 
Aveust 4, 1934 


TRAVERTINE DEPOSITS NEAR LEXINGTON, 
VIRGINIA 

Large travertine deposits near Lexington, Virginia, 
are found only in association with rapids and falls, 
their localization being largely due to algae and 
mosses. The most important travertine builder was 
the moss Philonotis calcarea.. It grows outward from 
the face of the falls, its compact foliage on the su § 
face, smothering the basal foliage from which it 
grew, but nature forestalls the collapse that would 
ensue by reenforeing the base with a sheath of crystal § 
line calcite. The moss thriving enly in the foamy 
water at the top and front of the falls, the travertine 
deposit starts on the face of the falls and grows Ve 
tically as well as down-stream. By this process 0! 
aceretion some falls were raised 25 feet above bet: 
rock and their front was pushed more than 100 fe J 
down-stream. The living foliage shows no calcite 
excepting a little in the basal part. Most of the ca: 
cite gathers on the dead tissue in tiny, very fn 
grained nodules. 

Flat beds of travertine, with many imprints ¢ 
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© loaves, tree trunks and other plant structures, all of 


living species, were deposited in the pools above and 
below the falls. Their high calcite content, 80 or 


F more per cent., attest the clarity of the waters which 


formed them. The ecaseade deposits average even 
lower in detritus, the mosses having acted as a filter. 
The present muddiness of the streams after rains is 
helieved to be the reason for the mosses having been 
reduced to meager patches. With the decline of the 


F mosses, the streams have started eroding the traver- 


tine. The channels have been lowered from 10 to 25 


‘feet below the highest travertine levels, and the falls 


have receded along narrow channels by as much as 
100 feet. In one ease, the outermost travertine wall is 
130 feet high and 200 feet wide. No evidence of an 
earlier destructive stage has been found. The streams 


F still deposit travertine, but without the mosses erosion 


outstrips retention. 

The cascade deposits are distinctly stratified. Most 
of the dips are very steep, but some are as low as 40° 
down stream. Porous strata, one to two inches thick, 
with fossil moss normal to the strata, alternate with 
thinner, more compact layers with less distinct mossy 
structures. Parting surfaces between strata are gen- 
erally lacking, but the stratiform structure is very 
distinct, resembling a coarse wavy gneiss. The lush 
growth of summer forms the porous layer. In the 
winter, the moss is matted down and almost buried in 
calcite. Winter yields the compact layer. The in- 
soluble matter of the winter layer averages about 
twice the amount present in the summer layer, and 
its average grain is about twice as coarse as that of 
the summer layer. Quartz and feldspars are the main 
insoluble constituents. The strike of the strata is 
undulating with wide, gentle convexities facing down- 


s stream, and sharp narrow troughs pointing up- 


stream. Each bulge down-stream was once a pulpit- 
like salient on the face of the falls, draped with moss 
and covered by falling water. The rapid growth of 
the moss sometimes formed overhangs, which became 
caves, and their counterpart ean be seen where mosses 
cling to the top of the falls at the present time. 

An abundanee of concentrically stratified concre- 
tionary forms, encasing tree trunks and other plant 
structures, show that ealcite did not replace plant 
materials. Hollow easts are the rule. Woody residues 
rarely remain. That these concretions are largely 
primary is shown by the travertine not reorganizing 
into coneretionary forms around the large roots of 


} ‘tees that penetrate it. However, slender pipes of 


taleite commonly enclose thin rootlets which actively 
absorb water from the travertine. 

Rise in temperature of the stream waters is the 
most plausible inorganie cause of precipitation of 
the travertine. In summer the streams are warmer 
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than the springs which feed them. In winter the 
reverse is true at least part of the time. Variations 
in the partial CO, pressure of the atmosphere are 
believed to be unimportant as a cause of deposition. 
It is also difficult to see kow photosynthesis would 
disturb the equilibrium of the CO, in the foamy 
waters of the falls. Since travertine gathers so ex- 
tensively on dead plants, it is believed that decay 
may have been a factor in deposition. The possibility 
that unknown factors may be important is suggested 
by the high calcium content of one of the streams, 
(the only one analyzed) during the past winter. It 
held about twice as much calcium as is present in a 
saturated solution of the bicarbonate at a similar tem- 
perature and partial atmospheric pressure of CO.,,. 
Sulfate and chloride were negligible. The excess of 
ealeium suggests that it is partly in colloidal suspen- 
sion or that some unsuspected factor infiuences its 
behavior. 

The biological and chemical phases of the travertine 
problem are being studied by R. P. Carrol and W. F. 
Young, respectively. H. F. Hinkle and others are 
giving valuable assistance. Financial aid has been 
given by the Virginia Academy of Science. 


Epwarp StTemrmaNN 
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LIFE HISTORY OF THE GOLD-BANDED 
SKIPPER (RHABDOIDES CELLUS) 

THE handsome gold-banded skipper (Rhabdoides 
cellus) is one of the rarer butterflies in the eastern 
states. 

In the vieinity of Washington it first appears late 
in May, flies throughout June, attaining its maximum 
abundance shortly after the end of the third week, 
and disappears soon after the first of July. Occa- 
sional individuals probably appear throughout the 
summer, but the only records are July 20 and 30. 

The food plant is the hog-peanut (Falcata pitcheri) 
on the larger leaflets of which the young larvae make 
characteristic limpet-like shelters, the last stage larvae 
simply rolling in the border of the !:af, and Jater 
fastening two leaflets together. 

The eggs, which are deposited in little strings of 
usually from 2 to 4, sometimes of 5 or 6, rarely 
singly, closely resemble the eggs of Thorybes, but 
have from 15 to 21 (most commonly 17) ribs. 

The caterpillars are apple green, lighter below, on 
the prolegs, and at the tip of the body, with a broad 
sulfur yellow dorsolateral line, a rose pink neck, and 
the head claret brown with two large chrome yellow 
spots. 

The pupa, which is mueh like that of Thorybes, is 
covered with a thick whitish or light lavender gray 
bloom that entirely conceals the surface sculpture. 
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From a pupa formed on July 4 an adult emerged 
on July 20. 

Of the early stages 160 eggs and 264 caterpillars 
representing all the stages have been collected, and a 
detailed report upon them is in course of preparation. 

In their monograph on the North American Hes- 
perioidea Lindsey, Bell and Williams say that this 


species resembles Thorybes closely in most of its © 


characters, and this is certainly true of the early 
stages. 

An individual that emerged from the pupa on July 
20 represents an interesting and well-marked variety. 
It is exceedingly dark in color, and the usual gold 
band across the fore wings is replaced by a series of 
four spots, the first, adjoining the costal border, small, 
the second, crossing the cell, about half as broad as 
the usual band in the same place and much lighter 
than the first, the third, very small and bright golden, 
in the middle of the interspace between veins M, and 
M,, and the fourth, nearly as large as the first, in the 
interspace below near its outer end. This may be 
known as var. leilae. 

Austin H. 
U. S. NationaL MusEuM 
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HOW SOME BIRDS SATISFY THIRstT 


To the list of birds mentioned by Mr. Allard: p 
eating snow in winter may be added the evening gros. 
beak, the white-breasted nuthatch and the red-breasteg 
nuthatch. My friend, Liguori Gormley, tells me }, 
has several times noticed these birds eating snow, 

Winter birds, and indeed mammals also, seem {, 
satisfy thirst in this way even when water is available 
In this part of the Ottawa valley resident winter bird; 
usually number about fifteen species, and excluding 
the aquatics—muskrat, mink and beaver—there ar 
about eight kinds of mammals active in winter, Aj. 
though the snow lies deep for four months and the i« 
is often more than two feet thick, there is always ope 
water to be found at rapids and springs. Having ip 
mind the concourse of animals and birds that gather 
to drink at water-holes in Africa, I have often been 
struck by the fact that in many years’ observation, | 
have never seen in my district the track of a bird or 
of a terrestrial mammal coming to open water in 
winter. 


CHARLES MAcnamara 
ARNPRIOR, ONTARIO, CANADA 


QUOTATIONS 


PRESIDENT ROOSEVELT’S ADDRESS AT 
THE MAYO CLINIC 

I Hope that the people of Rochester will not feel 
limited in their pride of possession when the nation 
which I have the honor to represent claims the right 
to call Dr. Will and Dr. Charles by the good word 
“neighbor.” You are beloved at home and abroad, 
and a world deeply in your debt gives you inadequate 
return in external honors and distinctions. But your 
true distinction is in the simple fact that you have put 
men’s sense of brotherhood and interdependence into 
a setting and have given it a new meaning. 

For fifty years you have given tireless, skillful and 
unselfish service here in this state and city. These 
fifty years, the span of your medical practice, have 
covered probably the most remarkable period in the 
history of science. You have seen practically all of 
modern medicine and surgery come into being. The 
rise of research, dating back to the days when you 
began your practice, has revolutionized the diagnosis, 
prevention and treatment of disease. 

The development of the branches of this science has 
revolutionized not only the science of medicine but the 


entire field of effort that we sometimes call public wel- 


fare. You have seen surgical technique become one of 
the finest of all the arts of man. You have seen the 
development of the science of public health, which has 


brought the gospel of health to the school and clinic. 
You have seen the growth of hospitals, the creation of 
foundations for medical research and a revolution in 
the teaching of medicine. You have seen isolated 
clinics come to be part of great universities, an ass0- 
ciation resulting in the enrichment of both. 

But despite the progress that you have seen and 
that you have helped to accomplish, the restless spirit 
of science prompts you to see new visions of achieve- 
ment. As you have pointed out so often in your pre- 
dictions of what humanity may expect from medical 
science in the future, progress is only at its beginning. 
In the further development of the curative art, in the 
discovery of new means for the prevention of disease, 
in the creation of methods by which all of the people 
may be made aware of the knowledge of hygiene and 
public health developed in the laboratory clinic, your 
vision offers promise of a greater nation and a hap- 
pier people. | 

You have helped to give to.the medical profession 8 
unique place in the community and the nation. BY 


reason of his special opportunities, the physician has 


the oceasion to perform a service in his community fat 
beyond the bounds of his own professional duty. His 
infinitely complex relationships with the people of the 
community enable him to lead them in standards of 


1 Science, 80: 2066, 116, August 3, 1934. 
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ethical right which may profoundly affect human con- 
duet in general. 

For this reason the science of medicine comes to 
concern itself with many things besides the healing of 
the sick. It has been broadly interpreted as a major 
factor in the science of human welfare. The problems 
of disease and the circumstances related to it are to 
the science of modern medicine only the sequel of a 
long train of social cause and effect. Medicine has 
taught us how important it is to look beyond the re- 
sult to the cause, not only of human sickness, but of 
those social disorders out of which individual difficul- 
ties necessarily arise. 

Those of us who are concerned with the problems 
of government and of economics are under special ob- 
ligation to modern medicine in two very important re- 
spects. In the first place, it has taught us that, with 
patience and application and skill and courage, it is 
possible for human beings to control and improve con- 
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ditions under which they live. It has taught us how 
science may be made the servant of a richer, more 
complete common life. And it has taught us more 
than that, because from it we have learned lessons in 
the ethics of human relationship—how devotion to the 
public good, unselfish service, never-ending considera- 
tion of human needs are in themselves conquering 
forces. 

Democracy looks to the day when these virtues will 
be required and expected of those who serve the pub- 
lie officially and unofficially. 
set an exalted example. It has shown the way for us 
all. 

You whom we honor to-day rendered the highest 
form of patriotic service during the battles of the 
World War, but, even more than that, you deserve 
the nation’s thanks for the national service that you 
have rendered throughout your lives——The Associated 
Press. 


SCIENTIFIC APPARATUS AND LABORATORY METHODS 


AN EASILY CONSTRUCTED ELECTRO- 
MICROCAUTER FOR USE IN 
CELLULAR BIOLOGY 
Tue need recently arose in our laboratory for a 
microcauter of simple construction by means of which 
any desired degree of heat could be applied to a very 
small area of the Drosophila egg. On looking up the 
electromicrocauters which have been described and 
used by Schouten and by Péterfi,s we found that 
these instruments not only require considerable tech- 
nical skill for their construction, but in addition they 
possess several features on account of which they do 
not adapt themselves readily to our plan of experi- 
mental proceedure. In both of the instruments de- 
scribed, the heat is carried to an operating tip, 
usually of platinum, by conduction from a heating 
element, and there is necessarily an initial latent 
period for this conduction. The heating element, 
whether it is encased in an insulating sheath or not, 
introduces ‘factors which are difficult to control. If 
insulated, the heat retained within the sheath tends to 
accumulate, and rapid consecutive operations can not 
be carried on under identical conditions. If no in- 
sulation is used, direct radiation from the heating 
element exposes a wide area of the experimental 

material to possible injury. 

To eliminate these factors, the electromicrocauter 
to be deseribed was designed. We have found that 
it meets our purpose admirably, and we feel that it 
should be of real value in other types of micro- 
operative work in cellular biology. It offers, in addi- 


Péterfi, Abderhalden’s Handbuch, Abt. 5, Theil 2, 


tion to the ease with which it may be constructed, a 
new detail of refinement, in that the point is heated 
completely to its tip by the electric current. Thus it 
is possible to localize any desired degree of heat in a 
very small area without the additive effect of heat 
radiation from a heating element. 

The construction of the microcauter is evident from 
the accompanying figure (Fig. 1). The outer rubber 
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Fie. 1. Electromicrocauter with operating loop (L), 
made of radio filament-wire 20 » in diameter. 


tubing is about 3’’ in diameter—the kind known to 
radio constructors as spaghetti tubing. Two No. 
26 DCC copper wires, one of which is enclosed in a 
glass capillary, are run through this and fastened in 
place by a drop of ambroid cement at either end. 
The terminal point is made of an alloy known as 
“Tophet C,” which is manufactured for radio fila- 
ments by the Gilby Wire Company, of Newark, New 
Jersey. A piece of this filament-wire (diam. =20 1) 
about half an inch long is soldered between the two 
copper wires and bent under a binocular dissecting 
microscope to a very narrow loop (+30). The 
piece used in our instrument has a resistance of 45 


Modern medicine has 
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ohms and is heated by four dry cells. A series resis- 
tance of about 50 ohms is necessary to cut down the 
current to the desired level. 

Since the microcauter tip expands on heating, the 
instrument is placed far enough away from the cells 
to be operated upon that this expansion does not 
unduly injure them. The loop should never be al- 
lowed to touch the cells, but merely to heat them by 
radiation. The duration of the heating may be lim- 
ited to a fraction of a second, for the cireuit is made 
and broken as quickly as possible, and since this fine 
filament-wire cools almost instantaneously, a consecu- 
tive series of identical exposures may follow each 
other rapidly. 

Several preliminary series of experiments were 
made on the posterior cluster of cells in the embryo 
of Drosophila melanogaster from which the germ 
cells of the adults are known to be derived.? Eggs 
of Drosophila melanogaster were collected by allow- 
ing well-fed females to lay on strips of blotting paper 
saturated with yeast-water and spread with a layer 
of fermented banana. The freshly laid eggs were 
immediately dechorionated by hand and placed in sea 
water diluted with tap water to 33 per cent.® so that 
the stage of development could be determined.* For 
this study eggs were used which had begun to form 
pole cells, that is, they were approximately two hours 


old. The eggs (20 or more at a time) were aligned 


along the edge of a small block of moist agar with 
the posterior ends projecting slightly. Excessive 
desiccation was prevented by the use of the agar 
block, no moist chamber being necessary. 

After cautery, the eggs were returned to the diluted 
sea water, where their development was followed 


- through a compound microscope. No portion of any 


egg was seen to be coagulated. In one series of 20 
eggs, 19 were found in which the pole cells were not 
folded into the embryo normally. Many of these 
embryos continued to develop but did not hatch as 
larvae. Four of the eggs hatched as larvae, pupated 
and eventually emerged as phenotypically normal 
imagoes. Three of these were fertile, but one female, 
which (on repeated testing) was sterile, was found 
on dissection to have no ovaries. A male which was 
fertile had only one testis. 

Similar experiments were carried out by Hegner,® 
who burned the posterior pole of the eggs and early 
embryos of chrysomelid beetles with a hot needle. 
These burns were so drastic that the entire posterior 


2A. F. Huettner, Jour. Morph., 37: 385, 1923. 

3 We have found in our laboratory that Drosophila 
eggs develop normally when immersed in this concentra- 
tion of sea water for the entire embryonic period. 

4R. B. Howland and G. P. Child, Science, 77: 624, 
1933. 

5 R. W. Hegner, Biol. Bull., 16: 19, 1908. 
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regions of the late embryos showed structural def. 
ciencies. Reith,® using the Péterfi electromicrocanter, 
burned large areas in the eggs of Musca domestica, 
the house fly, with similar results. It is of particulg; | 
interest, therefore, that the heat radiations inflicteq 
in our experiments were so localized and controle 
as to limit the injury to the germ cells themselves, 
The formation of the posterior segments and of the 
external genitalia of the adults hatched from the oper. 
ated embryos was normal. The sole effect was the 
production of partial or entire sterility. 

B. How.anp 

CuarLes W. Ropertson 

New YorK UNIVERSITY ~ 


A CLOCK DEVICE FOR TEACHING SOIL 
TEXTURE 
THE average student of soil texture fails to obtain 
an adequate concept of the variability of the per. 
centage composition by weigkt which is permitted for 
a given soil texture, as defined a standard works on 
soils. A clock device, which is illustrated herewith, 


makes it possible to make a visual presentation of the 
limiting percentages of sand, silt and clay present i0 
a given soil texture. The soil clock is set for sandy 
loam. The clay hand is at 12 minutes and the silt 
hand at approximately 20 minutes. This represents 
12 per cent. clay, 20 per cent. silt and 68 per cent. 
sand. Sandy loam may contain from 20 to 50 per 
cent. silt and clay. The clock demonstrates this 
quickly and easily. 

This clock device has proved so highly satisfactory 


6 F. Reith, Z. wiss. Zool., Bd. 126, 8. 181, 1925. 


3 

4 

7 

>: 

45 

| 
PES: 

| 

A e 

Bass 
he. + 
"60 

“75 

» 

°70 
4 

? 
e 4s 
ers e 
Fig. 1. | 
be 


or 
yn 


Bas a teaching aid for soil texture that its use is sug- 


gested for demonstrating other systems composed of 
two or more variables. For instance, the addition of 
more hands and a change of labels will allow the 
demonstration of the various percentages of protein, 
fat, carbohydrates, ash and water which distinguish 
our foods. The proximate analysis of coals showing 
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the pereentages of moisture, volatile matter, fixed 
carbon and ash makes classification of coals a very 
conerete matter when seen on the clock face. Thus 
visualizing the nutrient values of feeds becomes 
simple, and so forth. 

James E, CHAPMAN 


Fargo, N. D. 


SPECIAL ARTICLES 


COUPLING OF RESPIRATION AND SYN- 
THESIS OF PHOSPHATE ESTERS 
IN HEMOLYZED BLOOD 


MaMMALIAN erythrocytes are not able to oxidize 
carbohydrates but exhibit only glycolysis, the end 
product being laetie acid. On addition of methylene 
blue or some other reversibly reducible dye stuff they 


# acquire the property of oxidizing sugar by molecular 


oxygen as Harrop and Barron have first shown. 

On hemolysis, both the faculty of glycolysis and 
of respiration are lost. Warburg,’ however, showed 
that though the hemolyzed blood has no action on 


Felucose or glycogen, it does react with hexose-mono- 


phosphate-ester (Robison ester). This carbohydrate 
eter is oxidized in the air by hemolyzed blood on 
addition of methylene blue. 

It is charaeteristie of normal respiration that its 
energy is not entirely liberated as heat but in part 
utilized for work or chemical synthesis. In the sys- 
tem, hemolyzed blood+Robison ester + methylene 
blue, however, respiration is not accompanied by any 


Fchemical synthesis or work. Runnstrém, Lenner- 


strand and Borei? found that addition of cozymase 
from yeast cells to the system mentioned brings about 
a synthesis of organic phosphate esters coupled with 
the respiration. We ean, now, add the following ob- 
servation. When pyoeyanine is used instead of 
methylene blue, such a synthesis of phosphate esters 
takes place without eozymase being necessary. 
Though no full insight into the mechanism of this 
coupled reaction ¢an be obtained as yet, it seems 
likely that this faculty is correlated with the excep- 
tional property of pyocyanine of accepting either one 
or two electrons,® * whereas in general dye stuffs can 
accept only two electrons at once. To be sure, no 


‘ausal connection between these two properties can 


be recognized as yet. However, since the reversible 


‘0. Warburg, F. Kubowitz and W. Christian, Biochem. 
Zeits., 221: 494, 1930. 

*J. Runnstrém, A. Lennerstrand and H. Borei, Bio- 
chem. Zeits., 271: 15, 1934. 

*(a) E. A. H. Friedheim and L. Michaelis, Jour. Biol. 
p m., 91: 355, 1931; (b) B. Elema and A. C. Sanders, 
c. Trav. Chim. Pays-Bas, 50: 807, 1931. 

‘L. Michaelis, E. 8. Hill and M. P. Schubert, Biochem. 


deits., 255: 66, 1932. 


two-step oxidation has been recently encountered in 
other physiologically oceurring dye stuffs,° especially 
in Warburg’s yellow respiration enzyme, and the 
flavines or lyochromes, or at least in their prosthetic 
colored component, according to Kuhn and Wagner- 
Jauregg,® and to Barron and Hastings,’ the particu- 
lar behavior of pyocyanine with respect to oxidation 
and reduction can no longer be considered as a for- 
tuitous property of one special bacterial pigment but 
as a property of some physiological significance. 
J. RUNNSTROM 
L. MICHAELIS 
ROCKEFELLER INSTITUTE FOR 
MEDICAL RESEARCH 


THE EFFECT OF THALLIUM ON PLANT 
GROWTH 

THALLIUM compounds have proven useful in the 
control of particularly intelligent rodents, such as the 
rat (Rattus rattus rattus), the Zuni prairie dog 
(Citellus gunnisoni zuniensis), and the California 
ground squirrel (Citellus beecheyi beecheyi). The 
normal oceurrence of thallium in the vegetable king- 
dom has been reported and possibility suggested that 
plants may take up thallium from the svil.? Articles 
have appeared*-* suggesting, apparently without any 
experimental foundation, that “thallium sulfate has 
potential destructive effects on vegetation which have 
not received adequate attention from those advocating 
its use in vermin control,” and predicting “enduring 
sterility of the soil.” MeMurtrey® suggests that thal- 
lium produces symptoms similar to “frenching dis- 
ease” of tobacco and MecCool® has conducted some 

5 E. A. H. Friedheim, Biochem. Zeits., 259: 257, 1933. 

6R. Kuhn and Th. Wagner-Jauregg, Ber. Deutsch. 
Chem. Ges., 67: 361, 1934. 

7E. 8S. G. Barron and A. B. Hastings, Jour. Biol. 
Chem., 105: vii, 1934. 

1R. Bottger, N. Jahrb. Chem., 21: 148, 1863. 

2J.C. Munch and J. Silver, ‘‘The Pharmacology of 
Thallium and Its Use in Rodent Control,’’? U. S. Dept. 
Agr. Tech. Bull. 238, April, 1931. 

88. C. Brooks, ‘‘Thallium Poisoning and Soil Fertil- 
ity,’’ Science, 75: 105-6, 1932. 

4M. W. Lyons, ‘‘Thallium Poisoning,’’ SCIENCE, 75: 
381-382, 1932. 

5 J. E. MeMurtrey, ‘‘ Effect of Thallium on Growth of 


Tobaceo Plants,’’ Scrence, 76: 86, 1932. 
®M. M. McCool, ‘‘ Effect of Thallium Sulphate on the 
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laboratory experiments indicating that thallium is 
toxic to seedlings. On the other hand, Crafts’ studied 
the effects of thallium-treated grain under field con- 
ditions and concluded that “the possibility of losing 
agriculturally valuable land through sterilization 
seems remote.” 

Experiments were undertaken on a laboratory basis 
in Denver, Colorado, and on a field seale in Santa 
Clara County, California. Various amounts of thal- 
lium compounds were mixed with loam soil or were 
applied one or more times to seed beds or to ex- 
perimental quadrats. The effect of thallium on the 
growth of vegetables and grasses was followed in the 
laboratory experiments and on genera! range vegeta- 
tion in the field trials. These experiments were con- 
dueted over a period of two years. The results ob- 
tained in the laboratory and the field studies were 
harmony and showed that the addition of thallium 
compounds in amounts up to ten paris per million 
had no injurious effects, and in many instances ap- 
peared to stimulate plant growth. Larger amounts 
caused some injury, increasing with the quantity ap- 
plied. Ground squirrels consume thallium-treated 
grain (“thalgrain”) se rapidly that no damage was 
found o nareas treated nine times. Under the con- 
ditions used in the control of rodents by properly 
trained personnel, no evidence of injury to vegeta- 
tive growth has been found. 

In spite of the various criticisms raised against the 
use of thallium, these studies under practical condi- 
tions have failed to show any decrease in vegetative 
growth icile~ving the use of thalgrain. In fact, large 
numbers oi ranchers have voluntarily advised the 
writers that the vegetative cover is increased from 
10 to 25 per ceni. following ground squirrel removal. 

E. E. Horn 
Justus C. Warp 
_ James C. Muncn 
F. E. GaARLouGH 
BUREAU OF BIOLOGICAL SURVEY 
U. S. DEPARTMENT OF AGRICULTURE 


ON THE DURATION OF SOME IMBIBITION 
PROCESSES 

In connection with investigations on the time factor 
in biological problems on penetration, I occasionally 
determined the length of time during which dry wood 
absorbs water. 

A piece of spruce (Picea), 8 em long, 6 em broad 
and 9 mm thick, of a density of .49 (weight: 21.250 
gm), cut with its length in the direction of the grain, 
was held in water, its two large surfaces being hori- 


Growth of Several Plants and on Nitrification in Soils,’’ 
Contrib. Boyce Thompson Inst., 5: 289-296, 1933. 

7 A. 8. Crafts, ‘‘The Effects of Thallium Sulphate upon 
Soils,’’ ScrencE, 79: 62, 1934. 
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zontal. The two transverse edges were covered yit, 
wax so that the liquid could not enter the vessels jy | 
their open end but was obliged to penetrate throug, 
their walls. To avoid stagnation the water wa 
changed every 3 days. 

To determine the rate of imbibition the piece wa, 
at regular intervals, taken from the water, wiped wit, 
a towel and weighed. During the 30 to 45 secona 
needed for that operation it was possible to obsery 
a diminution of weight amounting to a few nil. 
grains, due to evaporation. Immediately after ti 
measurement the piece of wood was put again inty | 
the water. At first the measurements were inter. | 
valled at 5 minutes, then at hours, later at days anj 
months. 

The intake of water lasted more than 9 months, as 
is shown in the following table, and the amount of 
water imbibed was nearly five thirds the weight of 
the wood. 


Time of Imbibed Time of Imbibed 

immersion water immersion water 
Min. gm. Days gm, 
9.44 

2.16 16.78 
23.36 

28.86 

6.20 | 35.44 


The time factor has been recognized within the last J 
decades as an essential one in problems such as tle 
ascent of sap, but it is probably still underestimated 
in many problems related to penetration. 

Basie J. Luyet 

St. Louis UNiversiry 
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